Improving Antimicrobial Activity of Dental Restorative Materials by Fernandes, J.M.F.A. et al.
Selection of our books indexed in the Book Citation Index 
in Web of Science™ Core Collection (BKCI)
Interested in publishing with us? 
Contact book.department@intechopen.com
Numbers displayed above are based on latest data collected. 
For more information visit www.intechopen.com
Open access books available
Countries delivered to Contributors from top 500 universities
International  authors and editors
Our authors are among the
most cited scientists
Downloads
We are IntechOpen,
the world’s leading publisher of
Open Access books
Built by scientists, for scientists
12.2%
122,000 135M
TOP 1%154
4,800
Chapter 3
Improving Antimicrobial Activity of Dental Restorative
Materials
J.M.F.A. Fernandes, V.A. Menezes,
A.J.R. Albuquerque, M.A.C. Oliveira, K.M.S.  Meira,
R.A. Menezes Júnior and F.C. Sampaio
Additional information is available at the end of the chapter
http://dx.doi.org/10.5772/59252
1. Introduction
The oral cavity harbors a great diversity of microbial species that have a strong tendency to
colonize dental surfaces, tongue and oral mucosa [1,2]. These accumulations of oral bacteria
on dental surfaces are natural forms of biofilm growth in humans. They are also known as
dental plaque and in spite of several favorable conditions (e.g. temperature, humidity) these
biofilms are constantly challenged by host factors. It is recognized that structural organization
of a dental biofilm are influenced by the interplay of many unfavorable and also several
favorable ones such as the chemical nature of the substrate and the type of the surface where
the biofilm develops [3].
In dentistry, restoration failure is generally attributed to a combination of oral bacteria and
inappropriate features of dental materials. Efficient dental restorative materials are important
for an adequate recovery of masticatory and esthetic functions. However, these materials are
prone to biofilm formation, affecting oral health. It is well accepted that under in vivo condi‐
tions, rough surfaces attract more biofilm than smooth ones, but the variables that influence
bacterial adhesion to dental materials are still a matter of debate.
Dental caries is the most prevalent disease found in the oral cavity of humans. It is regarded
as multifactorial chronic and complex disease which is dependent of a cariogenic biofilm
[4,5].  Thus, a carious lesion takes some time to develop. However, initial carious lesions
are easily and rapidly formed during a three-day of  high sucrose regime and poor oral
hygiene conditions. So, as long as there is a cariogenic microbial biofilm attached to a dental
surface there is a great chance to find a carious lesion on this tooth spot [6]. Growth of oral
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bacteria on dental surfaces requires adhesion strategies because there is a constant flow of
host  secretions  (e.g.  saliva)  that  can  interfere  on  the  ability  of  planktonic  cells  (non-
attached bacteria). As a result, the formation of the oral biofilm is not homogenous and it
contains multiple bacterial species [4,7,8].
Oral bacteria can adhere to hydrophobic as well as to hydrophilic surfaces and many explan‐
atory theories are suggested including the influence of complex electrostatic mechanisms such
as van der Waals energy. After biofilm establishment on restorations, surface deterioration of
materials (e.g.: resin composites and glass-ionomer cements) will take place facilitating the
development of a mature biofilm resulting in dental carious lesions. The microflora from these
diseased teeth sites is significantly different from healthy sites on a tooth [10]. The frequent
changes in environmental conditions can lead to shifts in biofilm microflora and as a result the
microbial homeostasis breaks down in dental plaque (e.g. low pH), and disease occurs.
It must be pointed out that the presence of these oral microbes in the mouth is natural, and is
also essential for the normal development of the physiology of the oral cavity [9]. Hence, any
antimicrobial strategy has to consider the perspective of restoring some microbial equilibrium
and not a complete depletion of oral bacterial from the mouth. Many antimicrobial substances,
compounds or mixture of antibacterial agents (e.g. bisbiguanides, metal ions, quaternary
ammonium compounds, essential oils) have been successfully formulated into home care
products to control oral biofilms. Several investigations have proved their efficacy in control‐
ling the development of oral biofilms despite important drawbacks as tooth staining, bad taste,
etc. [3,4]. Moreover, at moderate or high concentrations, these antimicrobial mouthwashes and
toothpastes can inhibit bacterial growth in many different modes and truly affect biofilm-
forming capacity of some pathogenic traits. Hence, to be considered a successful antimicrobial
agent a substance, compound or the mixture of both must be able of maintaining the oral
biofilm at “normal” cariogenic bacterial levels which are compatible with the individual oral
health. Simultaneously, the material must be effective without any interference on the
beneficial properties of the resident oral microflora.
Mouthwashes and toothpastes are accepted methods to deliver antimicrobials into the oral
mouth. However, they are completely dependent on the discipline and compliance of the
patient to the oral treatment. In addition, many of these antimicrobials are prescribed for short
periods to avoid any risk of disturbing the resident oral microflora [3,10]. Hence, one strategy
is to incorporate antimicrobials into dental materials. The possibility that dental restorative
material may release antimicrobial compounds are regarded as an interesting strategy for
overcoming the development of cariogenic dental biofilms and the risk for secondary dental
caries. In addition, there is a chance that under less biofilm stress dental materials could
increase longevity. This strategy is of great importance since dental restorations properties
may be improved if an antibiotic-dental material is used.
The aim of the present review is to shed light on the techniques and effectiveness on improving
antibacterial activities of dental restorative materials. The main focus is on incorporation and
subsequent slow-release of antimicrobial chemical species, molecules, compounds and low
molecular weight antibacterial agents such as metal ions, iodine, antibiotics, chlorhexidine and
natural products such as essential oils. The in vitro and in vivo techniques used in microbiology
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are also explored taking into account that main bacteria involved are Gram-positive cocci
shaped bacteria such as Streptococcus sobrinus, Streptococcus mutans and Lactobacillus sp.
2. In vitro and in vivo techniques for studying biofilms
In 1940´s microbiologists described an interesting phenomenon that occurs when fresh sea
water is kept in a glass bottle, the so-called “bottle effect”. It was observed that the number of
microorganisms attached a glass surface increase while at the same time there is a reduction
in free-living microorganisms [11]. This is a relevant historical landmark because it represents
the starting point of a paradigm shift that is still valid these days. In fact, only 30 years later,
scientific community understood that the biofilm mode of life is the rule rather the exception
when bacteria and fungi species are collected, studied and investigated in nature under real
life conditions. Biofilms are defined as complex consortia of microorganisms that are attached
to a surface that can be of biotic or abiotic nature [12].
The microbial biofilm formation involves a multi-stage process in which bacterial and fungi
adhere to the surface. For more details see figure 1 which is based in several reports [13-16].
Figure 1. The multi-stage process of biofilm formation by oral microorganisms.
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At this stage only weak forces are operating. Therefore it is also known as the initial reversible
attachment stage. Subsequently, there is a production of an extracellular matrix (containing
polysaccharides, proteins and DNA) that results in a stronger attachment which is also known
as the irreversible attachment stage [16]. In general, after attachment, biofilm growth follows
two other distinct phases or behavior: spreading and dispersal of microorganisms.
Basically, the attachment process involves equilibrium of electrostatic forces. Microbes and
tooth surfaces are negatively charged. As they are immersed in a fluid (saliva) system which
is rich in calcium and other counterions, these negative charged surfaces attract and mobilize
cations. As a result, a double charged layer is formed (electrical double layer) and this overlap
causes a repulsive electrostatic force. Simultaneously, as the bacterium approaches the tooth
surface, they also experience a repulsive force (van der Waals force). Finally, the combinations
of repulsive and attraction forces known as DLVO theory modulate the microorganism
adherence to dental surfaces. This is valid for dental restorative materials as well, and one must
consider the fact that it can be more favorable if a porous or irregular surface is facilitating
bacterial adherence [3,13-16].
The first bacteria to attach to the acquired pellicle (layer of glycoproteins) on the tooth surface
are called the pioneer species (Streptococcus oralis, Streptococcus mitis, Streptococcus sanguis).
Surprisingly, S. mutans is not a first colonizer despite its high cariogenic nature. In fact, S.
mutans is the most studied bacteria in oral microbiology but under clinical environment one
must consider that a multispecies biofilm is operating [3,9].
Historically, in Dentistry, the examination of mature oral biofilms started when electron
microscope became available for microbiologists [19]. Later, molecular biological tools became
popular and new insights about how microbes attach and develop on tooth surfaces were
finally confirmed. One “striking” observation was actually a confirmation of an obvious theory
that microbes stick to a surface many benefits are obtained: a) selection of sites where they stay
in favorable environments, b) these surfaces may have enough substrate or can contribute to
diffuse some nutrient and c) the different species often work together and this consortium
provides physical support and protection [20-29].
More recently, zeta potential, confocal laser scanning microscopy (CLSM) together with
fluorescence techniques received attention and became useful techniques to study bacteria
adhesion to surfaces [29]. In spite of the great evolution in techniques, many limitations have
to be considered when comes to the evaluation of an antimicrobial substances against biofilms
development. First, there is still the gap of in vitro and in vivo environments. In situ studies can
overcome some of these limitations but other drawbacks cannot be ruled out. Most studies on
bacteria adhesion to surfaces were carried out under in vitro conditions which do not reflect
the real life. Secondly, there is the paradox of testing planktonic cells but interpretations are
generalized to conditions of biofilm formation. It is well established that biofilms express genes
different from those of planktonic cells. Moreover, it has been observed that biofilm cells are
generally believed to closely resemble planktonic cells in stationary phase. However, biofilms
were found to more closely resemble to planktonic cells at exponentially growing than those
of planktonic cells in the stationary phase [19,20]. In addition, it cannot be ruled out the
differences between single species biofilm versus multispecies biofilms since under laboratory
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conditions monospecies biofilm can survive for only 72 hours in absence of sugar. The duration
of survival can be extended with addition of mucin, but how close is this to the real oral mouth
of a patient? [21] Another flow systems versus static models, pre-treatment of acquired pellicle
or no pre-treatment at all. [22]. Finally, a crucial point is: how to validate microbial growth?
BacLight staining techniques only measure the presence of intact membranes and may not
correlate with the culturability or viability of bacteria from oral biofilms [23].
After all these relevant methodological points, more questions marks can be attributed on how
to evaluate antimicrobial agents against biofilms. In addition to evaluate the effects in biofilms
itself, one must consider the understanding of suitable methods related to the incorporation
of antimicrobials into these dental restorative materials. For instance, the concentration of the
antimicrobial agent, the volume or amount of material to be included and how far these
substances can interfere on mechanical and esthetic features of a restoration [21-26].
Considering the presence of a mature biofilm covering a dental restoration, it must be pointed
out that a major requirement of the final formulation is to deliver sufficient concentration of
the inhibitor in the surroundings. Moreover, the antimicrobial effect must be kept on a
prolonged time or at least for a enough period of time that will maintain an effective dose
Figure 2. Schematic representation of the development of an oral biofilm and the potential of antimicrobials to inter‐
fere on this process when releasing some antimicrobial element or substance [13-18]
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operating. This point is quite important since oral bacteria do not live as independent entities.
So, as highlighted previously, a high resistance to antibiotics is likely to occur [27-30].
Along the last decades biofilms have been studied extensively because they are present in
several surfaces, such as all solid surfaces in the oral cavity, in biomateriais implanted in the
human body, in catheter surfaces, in water pipes [24]. After the establishment of a biofilm on
dental restorations, deterioration of the outer layer surface of these materials will take place
and facilitate bacteria adhesion [25]. On the other hand, the possibility that dental restoring
materials can deliver antimicrobials may reduce considerably the risk of secondary caries in
spite of the limitations of some dental materials.
3. Antimicrobials in dental materials: How much is enough versus how
much is safe?
Oral bacteria can attach to many restorative materials like amalgam, gold, ceramics, resin
composite, glass ionomer cements. In order to achieve long-term success of dental fillings there
are many requirements. Some are related to the professional ability in manipulating and
polishing these materials. However, some considerations rely on physical, chemical and
biological characteristics of the dental material used. Surface roughness is not the focus of this
review, but it may be influenced by the interplay of professionals’ ability as well as dental
materials features.
The incorporation of 5, 10, 15 up to 30% of antimicrobial compounds or substances into dental
materials have been proposed [24-30]. However, the higher amount of antimicrobial agents,
the higher is the risk to loose important features in dental restoration as biocompatibility and
resistance. Hence, how much is enough and how much is safe? In the literature, addition of
1.5% can be effective if the antimicrobial is potent enough [27].
Figure 3 presents this dilemma related to the interference of “extra” substances to be incorpo‐
rated into dental materials and limitations regarding the loss of important features of the
material.
An interesting report showed that incorporation of 1% chlorhexidine (CHX) diacetate in GIC
(glass ionomer cements) is optimal for clinical use. This is valid in terms of antimicrobial
activities, CHX-release pattern, physical properties and bonding ability to tooth surfaces [28].
An additional valuable information was the conclusion that incorporation of CHX diacetate
at 2% or greater values of percentage participation significantly decreased compressive
strength and adversely affected bond strength to dentin.
It has been observed that some dental materials (e.g. gold and its alloys) are naturally able to
kill bacteria in the adhering biofilms [29]. Glass ionomer cements (GIC) are recognized for
releasing fluoride ions that can modulate biofilm formation [27,30]. The point is that this is not
enough since GIC reduces its ability to release fluoride in short periods. So, it is expected that
dental restoration with antimicrobial properties may have extended potential for inhibiting
biofilm formation in a long-term basis.
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In addition to chemical changes due to incorporation of antimicrobials into dental restorative
materials, there is also the problem of chemical changes also interfere in the distribution of
masticatory forces applied on a tooth. For instance, the presence of a carious lesion in molar
tooth can demand fast treatment protocol for the affected area and depending on the lesion
extension, it must receive a temporary filling [31-34]. In general, temporary filling materials
are typically made from a combination of zinc oxide and eugenol which has good antimicrobial
activity. Eugenol is also important due to its sedative properties. The zinc oxide powder is a
very versatile compound that can present different properties when combined with various
agents. When mixed together, the material starts off soft and in few minutes it becomes more
hard and brittle. However, this mixture is not harder enough to be compared to regular dental
fillings and its far from restoring tooth hardness. This material is classified as intermediate
restorative material (IRM) and it is a good example that the beneficial aspects of antimicrobial
and anti-inflammatory properties are achieved while mechanical properties of resistance
become very low. Therefore, this material must be accepted as a temporary and not a definite
filling material. Under the influence of masticatory forces, as previously mentioned, there will
be a stress in the remaining parts of the dental element that will certainly compromise the
longevity of the restoration as well as the whole tooth structure [31-34].
A comparative study analysing deformations done through Finite Element Method (FEM) and
applying the software ANSYS shows the differences in compressive loads between sound and
restored teeth with intermediate restorative materials (IRM), see figure 4A and 4B. It is shown
that the restored tooth IRM (figure 4B) is deformed in a different way when compared to the
REGULAR
DENTAL
MATERIAL
Antimicrobial
Element or
Substance
Areas where dental materials loss chemical 
and mechanical features.
% of antimicrobials in dental materials
?
Threshold of maximum 
amount of antimicrobials
into dental materials
Figure 3. Schematic representation for understanding the effects of external substances and compounds when incorpo‐
rated into regular dental materials.
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sound tooth (4A). Figure 5 shows this simulation evaluating a map of tension for both
conditions: A (sound tooth) and B (restored).
Figure 4. Sites of deformations in sound and IRM restored teeth.
Figure 5. Sites of tensions in sound and IRM restored teeth.
As expected, the analysis shows that the distribution of forces in the interior of the teeth flows
in different patterns. As a result, the restored tooth experiences a higher stress in some parts.
Basically, these maps show compressive forces throughout the whole sound tooth (A) whereas
for restored teeth tensile stress forces are observed.
It well is established that development of a numerical model as FEM makes it possible to
quantify and evaluate masticatory loads [34]. However, few studies have considered the
influence of antimicrobials in dental restorations. One must bear in mind that a good balance
has to be achieved between the beneficial aspects of having an “antibacterial restoration”
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compared do a regular one. Certainly the size and shape of the restoration are important
variables but interesting results can be obtained by these simulations.
It is important to realize that the changes in the map of tensions are directly related to the
changes in the physical constitution of the tooth because in this case, the dental enamel was
substituted by a restorative material. This change cannot necessarily be attributed to a change
of forces because the molar frequently will be constantly submitted to the same masticatory
forces it was receiving before the carious lesion. As shown in figure 5, the red colour of the
figure 5B indicates a significant higher tension the 5A. The structural fatigue is the main
mechanism of collapse of the reminiscent dental tissue and this process can be aggravated
when it is submitted to long treatment periods, particularly if IRM is used. In other words, the
IRM used as temporary fillings must have a short life because they reduce the mechanical
efficiency of the teeth in spite of its beneficial support to control biofilm formation.
According to Noort (2013) [35], there is a subtle distinction between safety and biocompatibility
two important features of dental materials. Safety is concerned with the fact that materials
when in contact with the human body should not cause any adverse effect, whereas biocom‐
patibility is the quality of being non-destructive in the biological environment maintaining the
beneficial effect to the patient. So far, few materials can be regarded as completely safe and
fully biocompatible in the oral environment. Most dental materials interact with the oral
environment and this interaction might be a release of components with undesirable side
effects for oral tissues.
4. Dental restorative materials with antimicrobials
Dental materials must simulate dental structure and have to restore the anatomy and the
function of affected dental surfaces due to dental caries or trauma. However, the desirable
aesthetics and the concerns with biocompatibility have not been forgotten and this is valid for
resin composite, glass ionomer cements and IRM (MJÖR et al., 1990). It must be highlighted
that bone and dentin can be considered as natural composites, whose main constituents are
collagen (polymer) and apatite (a ceramic) [35].
Metals have been used for centuries as antimicrobial agents and they continue to be useful
at the present time. Silver,  copper, gold, titanium and zinc are the most common exam‐
ples in Dentistry [36].  Dioxide of  titanium has been used as whitening agent.  However,
silver  and copper  has  been receiving larger  attention due to  their  antimicrobial  proper‐
ties. As a result, these metals are incorporate to several dental products to control halito‐
sis and dental biofilms [5].
As for dental resins, GIC and IRM, these materials are probably the best examples of improve‐
ment of restorative materials that has contributed to the recovery of ideal anatomical form and
function with less removal of tooth structure. The use of “fluoride-release” materials, “smart-
materials” and “bio-active” materials are some desirable features that are becoming necessary
in many clinical situations because minimally invasive treatment of carious lesions is much
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more acceptable nowadays. Probably, the first experiences to produce a useful “smart-
material” were related to the concept that fluoride-releasing materials. Glass ionomer cements
do not undergo great dimensional changes in a moist environment and exhibit noticeable
shrinkage in a dry environment at temperatures higher than 50°C, which is similar to the
behavior of dentin [37]. This is a good example of biocompatibility.
Attempts to improve GIC have been quite successful. There is one report indicating that zinc
addition to GIC can decrease microorganisms growth and improve fluoride release, without
significantly affecting the materials' flexural strength and solubility [38]. In another report,
conventional glass ionomer cement (GIC) liner was mixed with different antibiotics such as
metronidazole, ciprofloxacin and cefaclor to produce an antibacterial GIC. After an in vitro
evaluation of infected dentin sealed with this product, there was a 98.6% decrease in micro‐
organisms, bacterial aggregates, and intertubular dentin with exposed collagen fibers and
dentinal tubules [41]. When conventional GIC was added with 1.5, 3.0 and 4.5% of ciproflox‐
acin, metronidazole and minocycline this material was effective for inhibiting S. mutans and
L. casei, and the addition of a 1.5% antibiotic mixture was optimal to provide appropriate
physical and bonding properties [39]. For more than a decade, several reports in the literature
has been demonstrating antibacterial activity against S. mutans, S. oralis, S. salivarius and
Streptococcus sp when GIC are reinforced with antimicrobials or due to fluoride or pH
equilibrium [7, 40-44]. It has been claimed that GIC has the ability to increase pH and this is
likely to be an important mechanism of caries protection under clinical conditions since oral
bacteria can produce lactic acid [43].
The resin composites have been used, frequently, as restoring material due to its great
aesthetics and physiologic properties [44]. More recently, incorporation of 12-methacryloy‐
loxydodecylpyridinium bromide, a monomer also known as MDPB showed good results for
its antibacterial activity when incorporated in bonding agents [28].
However, instead of releasing an antimicrobial substance, the strategy to incorporate them to
act as part of its structure is also possible. In this perspective, nanoparticles can provide good
optical properties for conventional and hybrid composites [45]. However, there is still a lack
of studies in the literature showing the beneficial aspects for placing such material in a dental
cavity. For instance, it is still unknown how effective these materials can inhibit caries activity
close to restorations when active bioparticles are incorporated into these resins [46-48]. As a
general observation, it must be highlighted that there are many in vitro studies but very few
clinical trials to support their use under regular clinical activity [46].
Finally, it can be stated that two main approaches can be presented when antimicrobial bio-
active materials are prepared. One approach is to prepare a substance-release material (e.g.
GIC). Another perspective is to incorporate the antimicrobial to be active being part of its
structure without any release of active component. Basically, this latter option is of outmost
importance since the release of a substance implies in loss of matter and in theoretical basis
this means some loss in mechanical properties. Taking into account that GIC acts as battery
charges for fluoride, it must be pointed out that “recovery” of fluoride ions does not reach
original levels [47-49]. Hence, other advantages have to be operating to consider this material
as a good option for dental restorations.
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Another point to be considered is the fact concentrations of substances released from some
dental materials such as GIC materials were not different, regardless of the amount of
antimicrobial substance incorporated. Thus, as long as the antimicrobial is not interfering in
the mechanical properties, an increase in the amount of antimicrobial drug will not provide
additional benefits.
5. Dental restorative materials with nanoparticles
Nanoparticles are generally defined as particles that are smaller than 100 nanometers in
diameter. So, in order to provide a good perspective, it can be emphasized that nanotechnology
deals with structures as small as 10-9 m while oral bacteria reach a size of 10-6 m. Although
there is a large difference in size, the improvements of many technologies in the 1980s made
possible the combination of these two worlds. Many researchers’ points out that nanotech‐
nology has been applied for dental materials as an innovative concept for the development of
materials with better properties including the anti-caries effect [5,45,49].
It is recognized that many nanoparticles do have a great antimicrobial activity, particularly if
it is a metallic nanoparticles. The antimicrobial activity of many types of nanoparticle is
certainly a function of their size but other features are important such as high surface area,
unusual crystal morphologies (edges and corners) and reactive sites.There is a great difference
of a regular metal and a 10-9 m particles when incorporated into dental materials. Consequent‐
ly, their properties can radically change, as hardness, area of active surface, chemical reactivity
and biological activity [26].
The inverse relationship between the size of some particles and its antimicrobial activity has
been demonstrated for particles of up to 10 nm were tested against Escherichia coli [50]. Thus,
this might be valid for nanoparticles as well. The main mechanism or mechanisms behind the
antimicrobial activity of nanoparticles are not fully elucidated. Hence, several studies focusing
on the antimicrobial activity of different metals and metallic nanoparticles against oral
microorganisms have to be performed for a clear picture on this matter. Another point to be
considered is the effectiveness of these nanoparticles to control the development of a biofilm.
Considering that biofilms are rather organized and can avoid the penetration of big molecules
(e.g. chlorhexidine) the small size of these particles can be advantageous. However, so far these
particles have been introduced into prosthetic devices coatings and oral care products. The
strategy for placing them within dental materials is currently being explored in vitro and more
research is needed to consider their regular use in the dental clinic.
Basically, the most promising nanoparticles are: silver, zinc oxide, calcium-phosphates [5].
Nevertheless, is must be also known that an interesting systematic map demonstrated that
there is currently a limited amount of information concerning the release of nanoparticles from
polymer-based dental materials. After reviewing 140 full-text articles on this matter, only 3
were regarded as methodological sound. Actually, a passive release of nanoparticles from a
polymer-based dental material was not observed by the investigated reports. [51]. Table 1
summarizes some important features of these materials when present within dental materials.
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Nanoparticles Observations References
Silver
• It may provoke structural changes and damage bacterial membranes,
resulting in cell death.
• Incorporated into dental adhesives could reduce S. mutans close to
orthodontic brackets.
• Concentrations of 0.5-1% provided antimicrobial activity with preservation
of aesthetic and mechanical properties of dental materials (resin composites).
• Future research must focus on silver-biofilm interaction and silver-
polimerization processes of dental materials.
[5,26,49, 52-59]
Zinc oxide
• The mechanism of action may be attributed to oxidative stress by H2O2 and
structural changes in cell wall.
• Incorporated into dental materials ZnO may release Zn2+ which interferes in
sucrose metabolism and magnesium depletion that is important for biofilm
equilibrium.
• Future research must focus on the determination of ideal concentrations of
nanoparticles in order to have antimicrobial activity without compromising
mechanical properties of the materials.
[5,26,49, 58, 60, 61]
Quaternary
Ammonium
• This compound was selected due to its good antimicrobial activity and
because it can be copolymerized with other monomers providing a strong
bonding system with the material. However, difficulties in controlling the
release of such agents may be a potential drawback.
• The hydrophobic nature and positive charge of these nanoparticles may
enhance the antimicrobial activity.
• Future research must focus on kinetics to optimize the release
characteristics.
[5,26,63-65]
Calcium-
phosphates
• These compounds can interfere on adherence and growth of Streptococcus
mutans.
• The resin composites with these nanoparticles can increase up to four times
the capacity of remineralization of the enamel in comparison with the
composites with fluoride.
• Hydroxyapatite nanocrystals may interact with bacterial adhesins and can
reduce bacterial adherence to dental surfaces.
• Future research must focus on efficacy of products that are already
available in the market such as casein phosphopeptide (CPP)-amorphous and
calcium phosphate (ACP) nanocomplex.
[5,26,66-71]
Table 1. Observations and conclusions related to nanoparticles incorporated into dental materials.
6. Final considerations
The oral environment imposes difficulties when it is designed a study for evaluating dental
materials [3,9,10,25]. Since 1950´s it is know that microbial microleakage at the cavity wall/
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material interface is a problem to restoration survival. The persistence of microorganisms
underneath fillings is also recognized as a serious problem in restorative dentistry. The
antibacterial properties of restorative materials can substantially influence the success of a
dental filling in the oral cavity. The frequent problem is that dental materials “natural”
antibacterial properties are not enough to cope with the facility of biofilm formation. Thus, the
incorporation of antimicrobials in restorative materials has to take into account the properties
of each dental material. For instance, restorations of glass-ionomer cements are based on an
acid-base reaction between a polyacrylic acid solution and fluoroaminosilicate glass particles.
This reaction yields a structure that is more stable than composites. As a result, by adhering
to tooth structure the glass-ionomer cements potentially reduces microleakage. This is an
important property since it can enhance fluoride release. So, why not incorporating antibiotics
as well? Hence, glass ionomer cements are strong candidates to have antimicrobials incorpo‐
rated as long as it does not disturb the acid-base reaction. On the other hand, resin composites
are much better materials considering aesthetic properties. Finally, coatings killing bacteria
upon contact seems to be more promising than antimicrobial-releasing coatings. However,
many in vitro studies cannot support the findings that are observed in vivo. This observation
suggests that more clinical research is needed to clarify this issue. Hence, clinical research on
this topic is of outmost relevance for minimum intervention restorative techniques in dentistry
and for promoting oral health. Another point to consider is the challenge for the future dental
materials with antimicrobials properties: to develop even more effective materials that are able
to improve clinical antimicrobial efficacy while still preserving the benefits of the normal,
resident oral microflora.
Author details
J.M.F.A. Fernandes1, V.A. Menezes1, A.J.R. Albuquerque2, M.A.C. Oliveira3, K.M.S.  Meira3,
R.A. Menezes Júnior4 and F.C. Sampaio2,3*
*Address all correspondence to: fcsampa@gmail.com
1 Post-graduation in Pediatric Dentistry, Faculty of Dentistry, University of Pernambuco,
Camaragibe, Pernambuco, Brazil
2 RENORBIO, Northeast Network of Biotechnology, Federal University of Paraiba, Biotech‐
nology Centre, Campus I, Joao Pessoa, Paraiba, Brazil
3 Post-graduation in Dentistry, Health Science Center, University of Paraíba, João Pessoa,
Paraíba, Brazil
4 Alternative and Renewable Energy Center, Department of Renewable Energy Engineering,
Federal University of Paraíba, João Pessoa, Paraíba, Brazil
Improving Antimicrobial Activity of Dental Restorative Materials
http://dx.doi.org/10.5772/59252
77
References
[1] Gharechahi M, Moosavi H, Forghani M. Effect of surface roughness and materials
composition on biofilm formation. JBNB 2012; 3:541-6.
[2] Marsh PD. Contemporary perspective on plaque control. Br Dent J 2012; 22:601-6
[3] Marsh PD, Martin M. Oral microbiology, 5th ed. Oxford, UK: Churchill; Livingstone;
2009.
[4] Fejerskov O, Kidd E. Dental caries: the disease and its clinical management. 2nd ed.
Oxford, UK: Blackwell Munksgaard; 2011.
[5] Allaker RP. The use of nanoparticles to control oral biofilm formation. J Dent Res
2010; 89:1175–86.
[6] von der Fehr FR, Löe H, Theilade E. Experimental caries in man. Caries Res 1970;
4:131-48.
[7] Naik S, Sureshchandra B. Antimicrobial efficacy of glass ionomers, composite resin,
liners & polycarboxylates against selected stock culture microorganisms: an in vitro
study. Endodontology 2012; 24(2):21-8.
[8] Selwitz RH, Ismail AI, Pitts NB. Dental caries. Lancet 2007; 369:51-9.
[9] Marsh PD. Dental plaque: biological significance of a biofilm and community life-
style. J Clin Periodontol 2005; 32:7−15.
[10] Fine DH, Markowitz K, Furgang D, Goldsmith D, Ricci-Nittel D, Charles CH, et al.
Effect of rinsing with an essential oil-containing mouthrinse on subgingival perio‐
dontopathogens. J Periodontol 2007; 78:1935−42.
[11] Zobell CE. The effect of solid surfaces upon bacterial activity. J Bacteriol 1943;
46:39-56.
[12] Costerton JW, Stewart PS, Greenberg EP. Bacterial biofilms: a common cause of per‐
sistent infections. Science 1999; 284:1318-22.
[13] Tuson HH, Weibel DB. Bacteria–surface interactions. Soft Matter 2013; 9:4368-80.
[14] Renner LD, Weibel DB. Physicochemical regulation of biofilm formation. MRS Bull
2011 May; 36(5):347-55.
[15] Petersen FC, Tao L, Scheie AA. DNA binding-uptake system: a link between cell-to-
cell communication and biofilm formation. J. Bacteriol 2005; 187:4392.
[16] Witchurch CB, Tolker-Nielsen T, Ragas PC, Mattick JS. Extracellular DNA required
for bacterial biofilm formation. Science 2002; 295:1487.
Emerging Trends in Oral Health Sciences and Dentistry78
[17] Bowen WH, Koo H. Biology of Streptococcus mutans-Derived Glucosyltransferases:
Role in Extracellular Matrix Formation of Cariogenic Biofilms. Caries Research 2011;
45:69-86.
[18] Lembre P, Lorentz C, Di Martino P. Exopolysaccharides of the Biofilm Matrix: A
Complex Biophysical World. In: Karunaratne DN. (ed). The Complex World of Poly‐
saccharides. Rijeka: InTech; 2012. p371-392. Available from http://www.intechop‐
en.com/books/the-complex-world-of-polysaccharides/exopolysaccharides-of-the-
biofilm-matrix-a-complex-biophysical-world (accessed 27 August 2014).
[19] Palmer RJ. Oral bacterial biofilms–history in progress. Microbiology 2009; 155:2113-4.
[20] Mikkelsen H, Duck Z, Lilley KS, Welch M. Interrelationships between colonies, bio‐
films, and planktonic cells of Pseudomonas aeruginosa. J Bacteriol. 2007; 189(6): 2411-6.
[21] Renye JA, Piggot PJ, Daneo-Moore L, Buttaro BA. Persistence of Streptococcus mu‐
tans in Stationary-Phase Batch Cultures and Biofilms, Applied Environm Microbiol
2004; 70(10):6181-7.
[22] Guggenheim B, Giertsen E, Schüpbach P, Shapiro S. Validation of an in vitro biofilm
model of supragingival plaque. J Dent Res. 2001; 80(1):363-70.
[23] Netuschil L, Auschill TM, Sculean A, Arweiler NB. Confusion over live/dead stain‐
ings for the detection of vital microorganisms in oral biofilms-which stain is suitable?
BMC Oral Health 2014; 14:2.
[24] Teughels W, Van Assche N, Sliepen I, Quirynen M. Effect of material characteristics
and/or surface topography on biofilm development. Clin Oral Implants Res 2006;
17(2):68-81.
[25] Busscher HJ, Rinastiti M, Siswomihardjo W, van der Mei HC. Biofilm formation on
dental restorative and implant materials. J Dent Res 2010; 89(7):657-65.
[26] Allaker RP, Ren G. Potential impact of nanotechnology in the control of infectious
diseases. Trans R Soc Trop Med Hyg 2008; 102:1-2.
[27] Pinheiro SL, Simionato MR, Imparato JC, Oda M. Antibacterial activity of glass-ion‐
omer cement containing antibiotics on caries lesion. Am J Dent 2005; 18(4):261-6.
[28] Imazato S. Bio-active restorative materials with antibacterial effects: new dimension
of innovation in restorative dentistry. Dental Materials J. 2009; 28(1):11-19.
[29] Auschill TM, Arweiler NB, Brecx M, Reich E, Sculean A, Netuschil L: The effect of
dental restorative materials on dental biofilm. Eur J Oral Sci. 2002; 110:48-53.
[30] Chen M. Novel strategies for the prevention and treatment of biofilm related infec‐
tions. Int J Mol Sci 2013; 14(9):18488-501.
Improving Antimicrobial Activity of Dental Restorative Materials
http://dx.doi.org/10.5772/59252
79
[31] Lin CL, Chang CH, Wang CH, Ko CC, Lee HE. Numerical investigation of the factors
affecting interfacial stresses in an MOD restored tooth by auto-meshed finite element
method. J Oral Rehabil 2001; 28:517-25.
[32] Toparli M, Gokay N, Aksoy T. Analysis of a restored maxillary second premolar
tooth by using three-dimensional finite element method. J Oral Rehabil 1999;
26:157-64.
[33] Farah JW, Craig RG. Finite element stress analysis of restored axisymmetric first mo‐
lar. J Dent Res 1974; 53:859-66.
[34] Williams KR, Edmundson JT, Rees JS. Finite element stress analysis of restored teeth.
Dent Mater 1987; 3:200-6.
[35] Noort R. Introduction to dental materials. 4th ed. Edinburgh; New York: Mosby
Elsevier, 2013.
[36] Giertsen E. Effects of mouthrinses with triclosan, zinc ions, copolymer, and sodium
lauryl sulphate combined with fluoride on acid formation by dental plaque in vivo.
Caries Res 2004; 38(5):430-5.
[37] Khoroushi M, Keshani F. A review of glass-ionomers: From conventional glass-ion‐
omer to bioactive glass-ionomer. Dent Res J. 2013; 10(4): 411-20.
[38] Osinaga PW, Grande RH, Ballester RY, Simionato MR, Delgado Rodrigues CR,
Muench A. Zinc sulfate addition to glass-ionomer-based cements: Influence on phys‐
ical and antibacterial properties, zinc and fluoride release. Dent Mater. 2003; 19:212–7
[39] Yesilyurt C, Er K, Tasdemir T, Buruk K, Celik D. Antibacterial activity and physical
properties of glass-ionomer cements containing antibiotics. Oper Dent 2009; 1:18-23.
[40] Nakajo K, Imazato S, Takahashi Y, Kiba W, Ebisu S, Takahashi N. Fluoride Released
from Glass-Ionomer Cement Is Responsible to Inhibit the Acid Production of Caries-
Related Oral Streptococci. Dental Materials 2009; 25(6):703-8.
[41] Ferreira JMS, Pinheiro SL, Sampaio FC, Menezes VA. Use of glassionomer cement
containing antibiotics to seal off infected dentin: a randomized clinical trial. Brazilian
Dental Journal. 2013; 24(1):68-73.
[42] Jedrychowski JR, Caputo AA, Kerper S. Antibacterial and mechanical properties of
restorative materials combined with chlorhexidines. J Oral Rehabil 1983; 10:373-381.
[43] Nicholson JW, Aggarwal A, Czarnecka B, Li-manowska-Shaw H. The rate of change
of pH of lactic acid exposed to glass-ionomer dental cements. Biomaterials 2000;
21(19):1989-93.
[44] Konradsson K. Influence of a dental ceramic and a calcium aluminate cement on den‐
tal biofilm formation and gingival inflammatory response. Dissertation (Master De‐
gree in Odontology). Umeå University, Sweden; 2007.
Emerging Trends in Oral Health Sciences and Dentistry80
[45] Hamouda IM. Current perspectives of nanoparticles in medical and dental biomate‐
rials. J Biomed Res 2012;26:143–151. http://www.readcube.com/articles/10.7555/JBR.
26.20120027 (accessed 02 September 2014).
[46] Luna DMN, Andrade CAS. Nanotecnologia aplicada à odontologia. Int J Dent 2011;
10(3):161-8.
[47] Weng Y, Guo X, Gregory R, Xie D. A novel antibacterial dental glassionomer cement.
Eur J Oral Sci 2010; 118:531-4.
[48] Frencken J, Pilot T, Songpaisan Y, Phantumvanit P. Atraumatic restorative treatment
(ART): rationale, technique, and development. J Public Health Dent 1996; 56:135-40.
[49] Melo MAS, Guedes SFF, Xu HHK, Rodrigues LKA. Nanotechnology-based restora‐
tive materials for dental caries management. Trends Biotechnol 2013; 31(8):2-18.
[50] Verran J, Sandoval G, Allen NS, Edge M, Stratton J Variables affecting the antibacte‐
rial properties of nano and pigmentary titania particles in suspension. Dyes and Pig‐
ments. 2007; 73:298-304.
[51] Rehnman J. Release of nanoparticles from dental materials. A systematic map. Social‐
styrelsen: Nordic Institute of Dental Materials. 2013.
[52] Sotiriou GA, Pratsinis SE. Antibacterial activity of nanosilver ions and particles. En‐
viron Sci Technol 2010; 44:5649-54.
[53] Peng JJ, et al. Silver compounds used in dentistry for caries management: a review. J
Dent 2012; 40:531-41.
[54] Chaloupka K, Malam Y, Seifalian AM. Nanosilver as a new generation of nanoprod‐
uct in biomedical applications. Trends Biotechnol Nov 2010; 28(11):580-8.
[55] Ahn SJ. Experimental antimicrobial orthodontic adhesives using nanofillers and sil‐
ver nanoparticles. Dent Mater 2009; 25:206–13.
[56] Radzig MA, et al. Antibacterial effects of silver nanoparticles on gram-negative bac‐
teria: Influence on the growth and biofilms formation, mechanisms of action. Col‐
loids Surf B: Biointerfaces 2013; 102:300–6.
[57] Silver S. Bacterial silver resistance: molecular biology and uses and misuses of silver
compounds. FEMS Microbiol Rev 2003; 27:341-53.
[58] Cheng L, Weir MD, Xu HH, Antonucci JM, Lin NJ, Lin-Gibson S, Xu SM, Zhou X.
Effect of amorphous calcium phosphate and silver nanocomposites on dental plaque
microcosm biofilms. J Biomed Mater Res B: Appl Biomater 2012; 100:1378-86.
[59] Espinosa-Cristóbal LF. Antimicrobial sensibility of Streptococcus mutans serotypes
to silver nanoparticles. Mater Sci Eng C 2012; 32:896–901.
[60] Jones N, et al. Antibacterial activity of ZnO nanoparticle suspensions on a broad
spectrum of microorganisms. FEMS Microbiol Lett 2008; 279:71-6.
Improving Antimicrobial Activity of Dental Restorative Materials
http://dx.doi.org/10.5772/59252
81
[61] Gu H, et al. Effect of ZnCl2 on plaque growth and biofilm vitality. Arch Oral Biol
2012; 57:369-75.
[62] Vaidyanathan M, et al. Antimicrobial properties of dentine bonding agents deter‐
mined using in vitro and ex vivo methods. J Dent 2009; 37:514-21.
[63] Imazato S, et al. Antibacterial resin monomers based on quaternary ammonium and
their benefits in restorative dentistry. Jpn Dent Sci Rev 2012; 48:115–25.
[64] Zhang K, et al. Effect of water-ageing on dentine bond strength and anti-biofilm ac‐
tivity of bonding agent containing new monomer dimethylaminododecyl methacry‐
late. J Dent 2013; 41:504-13.
[65] Cheng L, Weir MD, Xu HHK, Antonucci JM, Kraigsley AM, Lin NJ, Lin-Gibson S,
Zhou X. Antibacterial amorphous calcium phosphate nanocomposites with a quater‐
nary ammonium dimethacrylate and silver nanoparticles. Dent Mater 2012;
28:561-72.
[66] Xu HHK, Moreau JL, Sun L, Chow LC. Strength and fluoride release characteristics
of a calcium fluoride based dental nanocomposite. Biomaterials Nov 2008; 9(32):
4261-7.
[67] Moreau JL, Sun L, Chow LC, Xu HHK. Mechanical and acid neutralizing properties
and bacteria inhibition of amorphous calcium phosphate dental nanocomposite. J Bi‐
omed Mater Res B Appl Biomater Jul 2011; 98(1):80-8.
[68] Hannig C, Hannig M. Natural enamel wear: a physiological source of hydroxylapa‐
tite nanoparticles for biofilm management and tooth repair? Medical Hypothese.
2010; 74:670-2.
[69] Venegas SC, Palacios JM, Apella MC, Morando PJ, Blesa MA. Calcium modulates in‐
teractions between bacteria and hydroxyapatite. J Dent Res 2006; 85:1124-8.
[70] Arcís RW, López-Macipe A, Toledano M, Osorio E, Rodríguez-Clemente R, Murtra J,
Fanovich MA, Pascual CD. Mechanical properties of visible light-cured resins rein‐
forced with hydroxyapatite for dental restoration. Dent Mater Jan 2002; 18(1):49-57.
[71] Chen M. Novel strategies for the prevention and treatment of biofilm related infec‐
tions. Int J Mol Sci 2013; 14(9):18488-501.
Emerging Trends in Oral Health Sciences and Dentistry82
